Objective. The purpose of this study was to evaluate perceptions of skills and practice patterns of gynecologists attending a course on total laparoscopic hysterectomy (TLH). This course employed extensive use of pelvic trainer boxes to accomplish the Holiotomy Challenge. The "Holiotomy Challenge" entailed suturing two plastic pieces with six figure-of-N sutures tied with four square knots each. Methods. A survey was administered before the course and 3 months later. Data were analyzed by paired t-tests, McNemar's Chi Squares, and ANCOVAs with significance set P < .05. Results. At baseline, 216 surgeons and at 3 months 102 surgeons returned the survey. Surgeons' self-perceptions of their skills significantly increased from 6.24 to 7.28. Their reports of their surgical practice at home revealed significantly increased rates of minimally invasive procedures, from 42% to 54%. Significantly more surgeons reported having the ability to close the vagina, or a small cystotomy or enterotomy. Participation in the cadaver lab and presence of their practice partner did not impact these rates. Conclusions. A comprehensive course employing laparoscopic surgical simulation focused on basic surgical skills essential to TLH has a positive impact on attendees' self-rated skill level and rate of laparoscopic approaches. Many had begun performing TLH after the course.
Introduction
Total laparoscopic hysterectomy has been shown to be a safe method of hysterectomy with minimal complications [1] , yet only 12% of hysterectomies are performed by this route, with 22% by vaginal approach and 66% still being performed by laparotomy [2] . Surgeons have been encouraged to employ vaginal and laparoscopic routes for hysterectomy, but concerns exist about how to increase laparoscopic suturing skills without elevating risk to patients [3] . Currently available educational methods include broadly focused annual continuing medical education courses, mailorder instructional videos, informal mentoring, suture skills, and, more recently, comprehensive courses focused entirely on total laparoscopic hysterectomy and its component skills. Such courses combine videos, slide lectures, and precepted and laparoscopic practice simulation trainers all focused on the specific steps to perform minimally invasive surgery [4] . The impact of such a comprehensive course on the gynecologic surgeon's self-perceived skill level and practice patterns has not been established.
Since 2004, a course focused on total laparoscopic hysterectomy (TLH) has been jointly sponsored by the American College of Obstetricians and Gynecologists for continuing medical education of gynecologic surgeons. This course extensively employs surgical simulators to train surgeons in laparoscopic suturing and knot tying. A simulation for suturing was developed to require that six "figure-of-N" sutures be placed through twelve dots and required four square knots to close. This "Holiotomy" was completed by 88% of surgeons. It is hypothesized that a comprehensive course employing simulators would improve participant's self-perceived laparoscopic skill levels. It was further hypothesized that after three months these changes would manifest with more TLHs and other minimally invasive surgeries being reported in their practice pattern.
Methods
Investigational Review Board approval of the survey protocol was obtained through Sequoia Hospital in Redwood City, California. The survey (see 2009 LIGO COURSE ATTENDEE QUESTIONAIRE) was distributed to all physician attendees at the Laparoscopic Institute for Gynecologic Oncology 4th annual course on Total Laparoscopic Hysterectomy. It was collected before the first morning break. Each questionnaire was numbered and stapled to a sealed, stamped envelope containing a similarly numbered questionnaire with a self-addressed stamped envelope for return. The attendees addressed the outer envelopes to themselves and handed these in with the completed precourse survey. The hand-addressed envelopes containing the second survey and a stamped return envelope were mailed to the course participants 90 days after completion of the course.
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No * These questions were not in the second questionnaire.
2.1.
Curriculum. This course employed multiple techniques for learning. Didactic lectures using referenced slide presentations were used to teach electrosurgical safety, laparoscopic surgical anatomy, avoidance and management of intestinal and urological complications, and coding for all procedures mentioned. Richly edited videos of TLH and advanced pelvic surgeries comprised most of the 26 hours of the threeday course. Four surgeons established in their own TLH technique focused on common obstacles in performing TLH: the parametrial dissection and closure of the vaginotomy. Faculty videos demonstrated procedures typically performed concomitant with TLH, including uterosacral ligament plication, endometriosis resection, ureterolysis, enterocele repair, burch procedure, cystoscopy, and appendectomy. Advanced support and gynecologic surgeries such as myomectomy, colposuspension, vaginal hysterectomy, and other mesh procedures were shown. Three faculty members showed detailed videos of suturing and knot tying, with live plenary session demonstration of suture techniques followed immediately by faculty precepted sessions of simulated laparoscopic suturing and knot-tying.
The twenty-two faculty members were assigned to precept four attendees at each of four 45-minute sessions at the pelvic trainers. Attendees were precepted in both suturing and knot tying, and to complete the "Holiotomy challenge." (Figures 1 and 2) . A "Holiotomy" is the name used in the course for a 4 cm segment of a penrose drain, attached by Velcro to the floor of the pelvic trainer box suture area. Six dots were placed on each side of a 2 cm hole cut into the top side. The challenge was to place three "figure of N" sutures, precisely through each of the dots, and then tie with at least four throws of a square knot, usually many more. Surgeons were asked to hand in at least two holiotomies, which meant that they had placed over 24 sutures through a small dot and tied over 24 knots. The holiotomies were then attached by their Velcro base near the surgeons name on a prominently placed poster board to acknowledge the accomplishment and enhance esprit de corps (Figure 3 ). The pelvic trainers were unassigned and available to all attendees at all other times during the course to enable as much practice time as they chose.
Finally, an optional 4-hour cadaver dissection session with four surgeons and one faculty to each specimen was available to 120 attendees. General gynecologic surgeons first performed TLH, then other advanced laparoscopic procedures such as ureterolysis, appendectomy, burch colposuspension, and uterosacral ligament colposuspension, while gynecologic oncologist attendees performed retroperitoneal aortic and pelvic lymphadenectomy and radical hysterectomy. This optional segment was accompanied by four lectures on challenging hysterectomies such as for the obese, the elderly, or those with adhesions or massive fibroids.
Data Management.
Data were entered into Excel, cleaned, and then uploaded into SPSS (Version 17) for analyses. Sample descriptive statistics were generated and more complex statistics were calculated based upon the research questions. Because we had paired data, we were able to use statistics that are specific for this type of data including paired t-tests and McNemar's Chi Squares. ANCOVAs were also performed [5] . Significance was preset at P < .05.
Results
Of the 216 participants in the course, 102 returned their second evaluation forms for a response rate of 47%. The typical participant was female (62%), did not complete a fellowship (90%), and had an average age of 44.7 years. There were no significant differences in age or gender in the responders versus the nonresponders. Among all course participants, 4% were residents, 77% were in private practice, and 18% were in university practice.
Attendees were asked how many of each kind of surgeries they recalled performing in the prior two months: total abdominal hysterectomy (TAH), total vaginal hysterectomy (TVH), laparoscopic assisted vaginal hysterectomy (LAVH), total laparoscopic hysterectomy (TLH), laparoscopic supracervical hysterectomy (LSH), endometrial ablation (EA), laparoscopic sacrocolpopexy (LSCP), and suburethral vaginal sling (SVS). Table 1 contains the numbers of various surgeries by type before and after the course with asterisks to identify the minimally invasive procedures taught in the course. The average total number of reported surgeries performed over a two-month period before the course was 14.05 (SD = 8.2), which did not change significantly after the course (P = .498). However, types of procedures did change significantly (P = .001) after the course. The number of minimally invasive surgeries (TVH, LAVH, TLH, and LSCP) increased from 6.28 to 7.55 over a two-month period, as did the percent of minimally invasive surgeries as a portion of the total (42% to 54%, P < .001).
The participants rated their own initial laparoscopic skill on a scale from 1 to 10 with 10 being the best, at a mean of 6.24 ± 1.5 before the course, and later rated themselves a mean of 7.28 ± 1.4, a significant improvement (t = −9.17, P < .001). The participants also rated their own initial urogynecologic surgical skill on a scale from 1 to 10 with 10 being the best, with a mean of 4.52 ± 2.5. The postcourse mean rating of 4.93 ± 2.6 (t = −2.49, P < .014) reflected a significant improvement.
Since the course focused very specifically on TLH skills, the final survey questions asked surgeon attendees before and three months later just how comfortable they were performing four of the major portions of TLH and related procedures that were taught at the course. Table 2 contains the types of skills reportedly performed over a typical twomonth period both before and after the course. Significantly more surgeons felt that they could comfortably suture close the vagina, perform laparoscopic cystoscopy, and close a small cystotomy or enterotomy after their training compared to before the training.
This course had an optional cadaver lab, and 50% of the participants took advantage of this opportunity. Controlling for precourse self-rated laparoscopy skill, participation in the cadaver lab did not make a significant difference in the selfrated skill of the participant (P = .340) three months after course. Controlling for precourse self-rated urogynecologic skills, participation in the cadaver lab did not make a significant difference in the self-rated urogynecologic skills of the participant (P = .250) three months after course. In addition once precourse data were controlled, participation in the cadaver lab did not make a significant increment in the number (P = .689) or percent of minimal invasive surgeries (P = .858) three months after course. Most (n = 127, 59%) of the participants reported having a practice partner when they performed most laparoscopic procedures and 58% (n = 73) of these partners were also taking the course. Controlling for precourse self-rated laparoscopy skill, having their practice partner at the course did not make a significant difference in the self-rated skill of the participant (P = .414) three months after course. Controlling for precourse self-rated urogynecologic skills, having their practice partner at the course did not make a significant difference in the self-rated urogynecologic skills of the participant (P = .084) three months after course. In addition once precourse data were controlled, having their practice partner at the course did not make a significant difference in the number (P = .469) or percent of minimal invasive surgeries (P = .305) three months after course.
Discussion
Practicing gynecologists need an effective means for learning new skills and procedures in laparoscopic surgery, including hysterectomy. It has been shown that a focused hands-on course can produce quantifiable improvements in laparoscopic skills [6] [7] [8] . Surgical simulation using video trainer boxes has been demonstrated to lead to greater dexterity and efficiency, as well as comfort performing complex laparoscopic procedures [9] . Residents trained on laparoscopic surgery simulators showed improvement in procedural performance that translated to improved efficacy in the operating room [10] . Surgeons trained in courses offering skills-based lectures, surgical video analysis, precepted pelvic trainer performance, and precepted cadaver laboratory experienced significant expansion of their minimal invasive surgical practice, including suturing [7, 10] . It has been shown that focused courses on laparoscopic ventral herniorrhaphy and splenectomy can increase the number of minimally invasive procedures that general surgeons employ in their armamentariom [11, 12] , but such evidence has not been reported for gynecologic surgeons performing hysterectomy.
All course attendees were exhorted to complete the Holiotomy challenges after an explanation of their evidencebasis, which allowed surgeons to develop their psychomotor and manual dexterity skills in a low-stress environment, enhancing muscle memory, and proven to translate into operating room skills [13] . While the "Holiotomy challenge" has not been validated, per se, it is based on published evidence that 5-7 repetitions of intracorporeal knot-tying in trainer boxes effectively enhanced efficiency and translated well into operating room skills [14] [15] [16] . The Holiotomies and the trainer boxes simulated the most difficult tasks during a total laparoscopic hysterectomy: the parametrial dissection and the closure of the vaginotomy. The questions and tabulated answers in Table 2 focus on the most difficult tasks taught in the course, which required the most dexterity and skill to perfrom.
It has been shown that surgeons who attended a laparoscopic surgical training course alone or who routinely performed laparoscopic surgery with random surgical assistants were almost five times more likely to have had a complication than their counterparts who attended the course with a partner or who operated consistently with the same assistant [17] . We thus encouraged attendees to bring their surgical partner, theorizing that self-rated skills would rise more if learning and subsequent practice were undertaken with a similarly trained partner. However, only a trend was observed (P = .084) that surgeons with practice partners attending the course developed higher postcourse urogynecologic skills. Our survey was not adequately constructed to match the practice pairs (n = 37), so this comparison cannot be adequately made at this time. Future surveys will pair the partners so that this concept can be further explored.
This study design is susceptible to bias and error and, as such, these results cannot conclude that the educational opportunity meaningfully changed practice patterns. Participation in the 3-month follow-up questionnaire and even one's self-perceived skill levels assessed on a Likert-scale three months separate in time are subject to bias. Laparoscopic surgeons have been shown to rate their skills higher than objective testing confirms [18] , and having taken the course may cause respondents to self-rate more highly, resulting in a false but statistically significant increase. It is possible that the surgeon attendees who participated in the 3-month survey were more confident, more successful, or possibly the opposite, than those who declined, even though they were not different with regard to baseline characteristics.
The entirely subjective nature of the numerical data, relying on recall of surgeries performed and estimation of two-months practice pattern, is also subject to error. Laparoscopic surgeons may also perform more minimally invasive surgeries after a course, not as a result of learning from a course, but as a function of having a certificate obtained from attendance at the course. Perceptions of one's past two months' typical practice patterns may still vary, especially by recency of vacation or holiday time. Objective measurements of laparoscopic skill and dexterity have been performed [19] and could be added to future course surveys to lend validity to the course material and teaching modalities. It would also be useful to know which of the attendees completed their Holiotomy challenges, and whether that affected their future ratings.
The survey response rate of 47% from a single mailing is actually quite good [20] . Other laparoscopic course followup surveys reported a postcourse response rate of 79% [7, 17] ; however they used multiple and repeated modalities to obtain this rate whereas we could not, given the original plan for a single anonymous mailing to all. Future questionnaires for this course material will employ an established internetbased survey application for easier obtaining and collation of response data and will employ repeated requests to participate. This should increase likelihood of follow-up participation and enhance accuracy of results.
Conclusion
Practicing surgeons need an effective means for learning suture and knot tying skills and procedures in advanced gynecologic laparoscopy. It is possible that the "Holiotomy" facilitated clinical uptake of laparoscopic skills and enhanced the effectiveness of this comprehensive course.
